The effect of replacing maize grain with wheat as an energy source in total mixed rations (TMRs) on feed intake and milk yield parameters was determined for dairy cows. Three feeding trials were conducted using different roughages, namely lucerne hay (LH), oat hay (OH) and a 50 : 50 mixture of LH and OH. For each trial, five TMRs were formulated in which the maize to wheat grain ratios were 100 : 0, 75 : 25, 50 : 50, 25 : 75 and 0 : 100 to contain at least 170 g crude protein (CP)/kg and 11.1 MJ ME/kg dry matter. In each experiment, 10 randomly selected Holstein cows were fed the five diets according to a double 5 x 5 Latin square experimental design. In the trial using LH as roughage source, the fat percentage of milk, and therefore fat yield, was lower in the treatment containing only wheat as an energy source. In the trial using a 50 : 50 mixture of LH and OH as roughage source, the fat content of milk increased with rising levels of wheat in the diet. No differences were observed in any of the other milk yield parameters by increasing the wheat inclusion levels in diets. The feed intake of cows receiving TMRs containing only LH as roughage source was reduced with increasing levels of wheat in diets. Results showed no conclusive negative results associated with the replacement of maize grain with wheat grain.
Introduction
The majority of dairy farmers in the Swartland region of the Western Cape feed total mixed rations (TMRs) to lactating dairy cows, because there is a dearth of cultivated pastures in the area. The region has a winter rainfall pattern with long dry summers, resulting in limited water for irrigation. The use of cultivated pastures year-round in feeding dairy cows is not a viable option. Total mixed rations are formulated and mixed to meet the nutritional needs of dairy cows, taking lactation number, milk yield level and stage of lactation into account. Roughages for dairy cows in this area include lucerne hay (LH), oat hay (OH) and various cereal crops that are conserved as silage, wheat straw or wheat straw treated with ammonia. Combinations of these roughages are often fed. The energy in TMRs is provided by including grains such as maize (Zea mays), barley (Hordeum sativum), wheat (Triticum aestivum) and cereal crop by-products such as wheat middlings. Mainly maize is used as the energy source in the diets of dairy cows.
Wheat, a winter cereal, is the main grain crop in the Western Cape. Seasonal summer droughts in the maize-producing areas can cause maize shortages for dairy farmers there, forcing them to rely on imported maize. The cost of home-produced wheat grain could be lower than maize grain, largely owing to high transportation costs associated with importing maize grain to the Western Cape. This would make economic sense to use wheat grain in TMRs for dairy cows. However, it is not commonly used as a feed source for dairy cows possibly because of certain perceptions. It has been shown that the rate of the in vitro disappearance of starch in wheat is higher than that of maize (Stock et al., 1990) . Large quantities of wheat in the diets of dairy cows change the bacterial population in the rumen, increasing lactic acid production, with the result that the rumen content becomes more acidic. The pH level is lowered because of an increase in the concentration of volatile fatty acids (VFAs) caused by the fermentation of the carbohydrate fraction of the diet. This process may cause acidosis. The symptoms of acute acidosis are rumen stasis, rumenitis, diarrhoea, dehydration, laminitis and liver abscesses (McSweeney & Mackie, 1997) . Experimental design seems to affect milk yield parameters when comparing wheat-and corn-based diets. A long-term study (Petit & Santos, 1996) in which a lower level of wheat intake was used, resulted in a higher milk yield in comparison with a corn-based diet, while in a short-term study, Gulmez et al. (2010) recorded a lower milk yield for cows consuming wheat-versus corn-based diets. In this trial, the concentrate level was also higher.
The effect of feeding high levels of wheat grain in TMRs for dairy cows using local roughages has not been determined for South African farming conditions. Neither has the optimal inclusion level for wheat grain in dairy cow rations been established. The aim of this study was to determine the effect of wheat grain replacing maize grain in TMRs on the feed intake and milk yield parameters of lactating Holstein cows using different roughages, that is, LH, OH and a 50 : 50 combination of LH and OH. It was postulated that the feed intake of diets containing higher levels of wheat would be lower than diets containing similar amounts of maize, consequently having a negative effect on milk yield.
Materials and Methods
The study, which comprised three feeding trials using different roughage and energy sources, was conducted at Elsenburg Research Farm, Western Cape Department of Agriculture. Elsenburg is situated in the winter rainfall region of South Africa, approximately 12 km north of Stellenbosch at an altitude of 177 metres, longitude 18º 50' and latitude 33º 51'.
Ten randomly selected Holstein cows were allocated to each of the three trials. Data on the cows used in the study at the start of the three trials are presented in Table 1 . Cows were at least 60 days post calving at the start of each experiment. Average days post-partum 62 ± 2.4 62 ± 2.5 59 ± 1.8
Average milk yield (kg/day) 24.9 ± 2.4 30.5 ± 4.0 28.6 ± 4.7
Average number of lactations 1.3 ± 0.5 2.4 ± 1.0 1.5 ± 0.5
The experiments consisted of three different roughage sources, viz. LH, OH and a 50 : 50 mixture of LH and OH, with the relevant combinations of wheat and maize as the energy supplements. For each roughage source, five TMR diets were formulated in which the maize to wheat grain ratio was 100 : 0, 75 : 25, 50 : 50, 25 : 75 and 0 : 100. In each trial the five diets were fed to 10 cows in a double cross-over 5 x 5 Latin square experimental design (MacFie et al., 1989) .
The ingredients of the experimental diets in the three experiments are presented in Table 2 . Diets were formulated to contain at least 170 g CP/kg and 11.1 MJ ME/kg DM. Wheat straw was used as filler material towards a standard mixing amount. Because wheat normally contains slightly higher levels of CP than maize, the CP content of the diets was balanced by including urea in the diets. Rations were mixed as required in a Himomix mixer/feeder wagon (Overberg Agri, Caledon). The roughage component of the ration was milled prior to mixing, to provide fragments with cut-lengths of 5 to 10 cm. The maize and wheat grain were coarsely milled, using a Drotsky hammermill (Drotsky, Alrode, Alberton) before the appropriate quantities for each ration were weighed out, using an Avery Berkel model L120 scale. One ton of each diet was mixed at a time, and bagged down for ease of feeding.
In each of the three experiments, each cow received a specific diet for a five-week period. This comprised an initial 14-day adaptation period, followed by a 21-day trial period, during which the relevant data were recorded. Cows were kept in a closed barn in separate stalls measuring 4 x 4 m. Diets were fed twice a day after each milking at 07:00 and 16:00. Sufficient amounts of feed were placed in each cow's feed bin to ensure an ad libitum daily feed intake. A maximum of 5% wastage per day was allowed. Clean drinking water was available at all times. Stalls were cleaned every day, and fresh straw was placed on the concrete floor to ensure a clean and comfortable sleeping area. Cows were let out between 10:30 and 13:30 into open paddocks for heat detection and grooming. The paddocks contained bare soil with no edible material. Cows were milked twice a day at 06:00 and 15:00 in a milking parlour approximately 100 m from the housing barn. Standard operating procedures were followed. Cows were brought into the parlour, the udders were washed with running water, after which the teats and most of the udder were dried with a disposable paper towel.
The milk yield of each cow was recorded at each milking session. During the three-week trial period, proportionate milk samples were collected from each cow at the morning and afternoon milking on Mondays, Tuesdays and Wednesdays. The morning and afternoon milk samples were combined and analysed for fat, protein and lactose content, as well as milk urea nitrogen (MUN) at LactoLab (Pty), Irene laboratory. Limestone (kg) 7 7 7 7 7 CSOCM = cotton seed oil cake meal; SBOCM = soybean oil cake meal; MoCaP = monocalcium phosphate.
A 1000-kg capacity BERKEL electronic scale was used to weigh the cows. Weighing took place after the afternoon milking at the beginning and end of each experimental period. The body condition score (BCS) and locomotion score (LS) of each cow were recorded at the same time. The Mulvany (1977) system was used for condition scoring of cows, and Berry & Cook's (2000) locomotion activity scoring system for cows, was utilized.
During the three-week trial period, the daily dry matter intake (DMI) of each individual cow was determined three times a week. A sufficient amount of the mixed ration to ensure an ad libitum intake was provided daily. Half the daily feed requirement was put into the feed troughs after the evening milking and the other half after milking the following morning. Feed intake was calculated as the weight of the total amount of feed weighed into the feed trough for each cow minus the weight of the orts. A sample of approximately 500 g was collected from the orts of each trough for DM determination. The sample was placed in a drying pan, weighed and placed in a draught oven (Labotec Model 364) at 100 ºC for 24 h. The following day, the dried sample was weighed again and the DM content of the residue was calculated as the proportion by weight of the sample remaining after drying. To ensure ad libitum daily feed intake, the TMR amount fed was adjusted after determining each DMI.
A sample of each of the experimental diets was collected each time that the feed intake was determined. Samples were dried at 55 ºC in a forced-air oven for 72 h, milled through a 1 mm sieve (Christy & Norris Laboratory Mill, B&M Scientific, Millenium Park, Parow Industria, Parow), then submitted for chemical analysis. The CP, crude fibre (CF), acid detergent fibre (ADF) and neutral detergent fibre (NDF) contents of the samples were determined according to the methods of the AOAC (1995). The following equation (Ensminger et al., 1990 ) was used to calculate the total digestible nutrient (TDN) content of feeds: TDN % = (0.8*CP %) + (0.4*CF %) + (0.9*NFE %) + (0.9*2.25*EE %).
The metabolizable energy content of feeds was derived from TDN values using the following equation: TDN*0.15 = ME MJ/kg DM (Bredon et al., 1987) . Production data were analysed as a double cross-over 5 x 5 Latin square (Williams, 1948) . Standardized residuals were calculated and used to test for deviations from normality using Shapiro-Wilk's test (Shapiro & Wilk, 1965) . Outliers were identified and removed before final analysis was performed. Means were adjusted for carry-over effects. The Student's t-LSD (least significant difference) was calculated at a 5% significance level to compare means for significant effects. Best-fit regression coefficients were used after the convergence of the sum of squares. All analysis was done using SAS ver. 9.1 statistical software (SAS, 1999) .
Results and Discussion
The chemical composition of all the TMRs collected once a week during the three experiments is presented in Table 3 . The CP content of the diets in Experiments 1 and 2 showed higher absolute values with higher wheat levels, probably indicating that wheat grain in the diets had a higher CP content than values obtained from the literature. Such a trend was not observed with the other parameters that were analysed. The effect of wheat inclusion level on the DMI, BCS, body weight and LS of Holstein cows receiving TMRs containing LH (Experiment 1), OH (Experiment 2) and a 50 : 50 mixture of LH and OH (Experiment 3) is presented in Table 4 . In Experiment 1 the feed intake of cows decreased (P <0.05) when receiving diets containing increasing levels of wheat. Although the feed intake of cows in Experiments 2 and 3 was 7% and 5% lower, respectively, at 100% wheat inclusion level in comparison to 100% maize inclusion level, reductions in feed intake were not significant (P >0.05). The increasing inclusion levels of wheat in the experimental diets of Experiment 1 had no effect (P >0.05) on the LS of cows. This is not conclusive as the short trial period probably prevented the deterioration of the locomotion score of cows, which is typically associated with acidotic conditions. For this reason the LS of cows was not determined for Experiments 2 and 3.
Table 4
Least square means ± SE of wheat inclusion level on dry matter intake (DMI), body weight (BW), body condition score (BCS) and locomotion score (LS) of Holstein cows receiving total mixed rations (TMRs) containing lucerne hay (Experiment 1), oat hay (Experiment 2) and a 50 : 50 mixture of lucerne hay and oat hay (Experiment 3) a,b,c,d Means with the same superscript letter do not differ significantly at a 5% significant level. BW at end (kg) 511 ± 6 516 ± 6 515 ± 6 520 ± 6 519 ± 5 0.82 BCS at start 1.9 ± 0.1 2.1 ± 0.1 1.9 ± 0.1 2.1 ± 0.1 2.1 ± 0.1 0.10 BCS at end 2.0 ± 0.1 2.0 ± 0.1 2.0 ± 0.1 2.1 ± 0.1 1.9 ± 0.1 0.17 LS at start 1.5 ± 0.1 1.3 ± 0.1 1.4 ± 0.1 1.3 ± 0.1 1. The effect of the inclusion level of wheat in TMRs for dairy cows on milk yield parameters is presented in Table 5 . With the exception of fat percentage in Experiments 1 and 3, milk yield parameters were not affected (P >0.05) by energy source. Although the milk yield of cows in Experiment 1 was reduced by 6% and 7% at 25% and 50% wheat inclusion levels, respectively, though this effect was not significant (P >0.05). The same trend was observed in Experiment 2 with a 7% reduction in milk yield between the TMRs containing 100% maize and 100% wheat, respectively. The ANOVA and regression analysis ( Table 7 ) both indicated that there were not enough evidence for significance at P <0.05. Milk urea nitrogen content was not affected (P >0.05) by the inclusion level of wheat in the diets of all three experiments. Varying results were obtained regarding the fat percentage in milk and milk fat yields. In Experiment 1, fat yield differed (P = 0.01) among treatments with the highest fat yield recorded on the 100% maize inclusion level because of a lower (P = 0.01) fat percentage in the milk of cows receiving a diet containing 100% wheat as an energy source. However, in Experiment 2, the fat percentages did not differ (P >0.05) among diets containing different wheat inclusion levels. Furthermore, in Experiment 3, fat percentages differed (P = 0.01), with the highest milk fat percentage being obtained on the 100% wheat inclusion level, which is in contrast with the results in Experiment 1. The linear trends presented in Table 6 confirmed these results with only fat percentage in Experiment 1 showing a tendency (P = 0.06) to decline with increasing wheat inclusion levels. These results were unexpected as it had been anticipated that the feed intake of cows, and therefore milk yield, would be reduced on diets containing high wheat levels. Feed intake was reduced only in Experiment 1 although milk yield was not affected (P >0.05) by increasing wheat levels. The reason for varying results among the experiments is not clear, although the short duration of feeding periods could have affected results. Under practical farming conditions, a 6% or 7% reduction in milk yield would have considerable economic consequences.
Varying results concerning the effect of wheat inclusion level were obtained in other studies. Petit & Santos (1996) found that Ayrshire cows fed high-moisture wheat tended (P = 0.12) to yield 1.6 kg of milk per day more than cows fed high-moisture maize. While the 4% fat corrected milk (FCM) yield of cows was higher (P <0.05) for the wheat-based diet, milk composition was similar for cows fed concentrates containing high moisture wheat versus maize. These authors attributed the higher 4% FCM of cows fed high-moisture wheat to the higher in vitro digestibility of wheat compared with maize. In contrast, Gulmez et al. (2010) found that Holstein cows fed wheat-based diets produced less milk and 4% FCM than cows fed corn-based diets. The lower milk yield is attributed to negative effects of ground wheat on ruminal digestion, i.e. low rumen pH and reduced cellulolytic activity. The experimental design and feeding regimen in the two studies differed, i.e. one being a long-term study over 3 years (Petis & Santos, 1996) while the other (Gulmez et al., 2010) was a short term change-over design study consisting of 14 d adaptation period and 7 d measurement period. In the study by Petit & Santos (1996) diets were fed four times a day, which could have led to more gradual starch fermentation and possibly higher digestibility over time. In the study by Gulmez et al. (2010) cows were fed twice a day, probably resulting in slug feeding, as cows tend to consume a large amount of feed at one session. This could have resulted in increased rumen acidity. In the study by Petit & Santos (1996) the concentrate contents for wheat-and corn-based diets were only 35% and 41%, respectively, while in the study by Gulmez et al. (2010) the concentrate content of both wheat and corn-based diets was higher at 50%. The higher concentrate level in the diets of cows in the study by Gulmez et al. (2010) could have resulted in the poorer performance for cows consuming a wheat-based diet. In the present study wheat intake was 48%, 33% and 37% of the daily feed intake for diets containing LH, OH and a 50 : 50 mixture of LH and OH as roughage sources, respectively.
Because wheat is not commonly used in dairy cow diets, a number of studies reported in the literature are based on using barley or triticale to replace maize as an energy source (Doepel et al., 2006) . Barley and triticale (hybrid cereal developed from crossing wheat with rye) should have similar digestive characteristics to wheat. Wheat and triticale are similar in protein content (McDonald et al., 1988c) . Performance studies by Erickson (1985) showed that triticale could replace at least 50%, if not 100%, of all cereal grains if it is introduced gradually with an equal weight of maize (corn) or wheat for non-ruminants and ruminants. Smith et al. (1994) conducted a milk production trial with Holstein cows where maize in the concentrate portion of the diet was replaced with various levels of a triticale cultivar (USGEN 10). Milk fat percentage was lower (P <0.05) on the 100% triticale diet compared with the 66%, 34% and 0% triticale diets, namely 2.65%, 3.52%, 3.56% and 3.57%, respectively. Replacing 66% of the maize in concentrates with a triticale cultivar did not result (P >0.05) in a lower milk yield or changed milk composition in Holstein cows. These results, similarly to the present study, indicate no conclusive responses to cereal grain feeding. Lehmann & Meeske (2006) determined the effect of replacing maize with barley on milk production parameters of Jersey cows grazing kikuyu-ryegrass pasture. Five concentrates were used with different maize and barley ratios, that is, 100 : 0; 75 : 25; 50 : 50; 25 : 75; and 0 : 100, respectively. The daily concentrate amount was 6 kg (on "as fed" basis) per cow per day. Cows fed concentrates containing 50% barley had significantly (P <0.05) higher milk, 4% FCM and protein yields than cows consuming concentrates containing 100% maize grain or 100% barley grain. These results seem to indicate that barley grain could replace maize grain in concentrates fed to Jerseys on cultivated pasture. Moran (1986) found no differences (P >0.05) in DM intake and milk yield in Friesian cows fed complete diets containing oat silage and lucerne hay together with 60% rolled grain consisting of either barley, wheat or oats. Fat-corrected milk yield of cows was higher (P <0.05) on diets containing barley and wheat in comparison to oats while protein concentration was higher (P <0.05) on the diet containing wheat grain. Cunningham et al. (1970) , on the other hand, reported a lower (P <0.05) milk yield and butterfat percentage for cows fed concentrate mixtures containing levels of soft red winter wheat that replaced maize and soybean meal at levels of 66.7% or 33.3%. Lucerne hay and maize silage were used as forage sources. Faldet et al. (1989) reported no effect on DM and CP intake by cows fed complete rations, including concentrate mixtures of 0%, 40% or 60% hard red winter wheat with 45% sorghum silage (dry basis) forage source. Milk yield, however, was reduced (P <0.05), that is, 28.8, 28.0 and 27.3 kg/day, respectively, with higher wheat inclusion levels. Doepel et al. (2006) found that the feed intake and milk yield of Holstein cows receiving diets containing varying levels of wheat versus barley did not differ (P >0.05). The milk protein content was lower in the wheat-fed cows in comparison with barley-fed cows. At the same time, milkfat content and fat yield were not affected (P >0.05) by the treatments. They concluded that wheat could be included up to 20% by weight in the diet.
Feeding wheat grain has conventionally been regarded as a feed source that causes rumen acidosis, laminitis, depressed DM intake and milk fat. Combined with its traditional use as human food, this has resulted in it being used only on a limited scale in dairy rations. These problems do not seem to occur in all situations, as the level and the way in which wheat is being fed could affect the production response of cows. The present study indicated that, although only significant (P <0.05) for the LH study, the DM intake of cows was reduced with higher wheat levels in diets using different forages. Over a longer term, this could have a negative effect on milk yield. This requires further study specifically with regards to the effect of feeding level of wheat in complete diets and in combination with other cereal grains.
Conclusion
The present study did not show conclusive negative results regarding the replacement of maize grain with wheat grain. Although the feed intake of cows was lower on the 100% wheat diet compared with the 100% maize diet, differences were significant only in the LH experiment. Milk yield parameters were not affected by increasing wheat levels. The only exception was that the fat percentage of milk and fat yield in the LH experiment were lower with a high level of wheat in the diet. In longer-term studies, a lower feed intake might have a greater negative effect on milk yield and other parameters. The amount of concentrates fed per day to cows would also affect the rumen environment and should be considered.
